We present here the first measurements of sulphur abundances in extragalactic stars. We make use of high resolution spectra, obtained with UVES at the ESO 8.2 m Kueyen telescope, of three giants of the Globular Cluster Terzan 7, which belongs to the Sagittarius dwarf galaxy. We measure the sulphur abundances using the lines of S  multiplet 1. The S/Fe ratios for all three stars are nearly solar, thus considerably lower than what is found in Galactic stars of comparable iron content ([Fe/H]∼ −0.50). This finding is in keeping with the abundances of other α-chain elements in this cluster and in Sagittarius and other dSphs in general. These low α-chain elements to iron ratios suggest that Sagittarius and its Globular Clusters have experienced a low or bursting star-formation rate. Our sulphur abundances imply log(S /O) = −1.61 which is comparable to what is found in many H  regions of similar oxygen content, and is slightly lower than the solar value (log (S/O)⊙= −1.51). These are also the first measurements of sulphur abundances in a Globular Cluster, thus a direct comparison of Terzan 7 and Galactic Globular Clusters is not possible yet. However our analysis suggests that the lines of S  multiplet 1 should be measurable for other Globular Clusters at least down to a metallicity ∼ −1.5.
Introduction
The α-chain elements (i.e. all the even elements from oxygen to titanium) may be produced in stars during carbon-burning, oxygen-burning and neon-burning phases, both in central burning and convective shell burning, as well as in explosive burning phases (Limongi & Chieffi 2003) . It is only the massive stars, which end their lives as Type II SNe, which undergo these phases and have a means to eject their nucleosynthesis products in the interstellar medium. Thus the α-chain elements are a good tracer of the nucleosynthesis of the short lived massive stars. On the other hand Fe and other iron-peak elements are produced both in Type II SNe and in Type Ia SNe, which may explode over longer time-scales (Tinsley 1979; Kobayashi et al. 1998) . For this reason the ratios α/Fe (where α is any of the α-chain elements) are sensitive diagnostics which may give us information on the time scales for the evolution of a galaxy and on the star formation rate, although their inSend offprint requests to: E. Caffau ⋆ Based on data obtained in ESO programme 65.L-0481 terpretation is not always straightforward (see Kobayashi et al. 1998 and references therein). Among the α-chain elements sulphur is not often studied in stars because there are few suitable lines, at variance with the neighbouring elements Si and Ca which are more easily measured. Sulphur is instead more easily measured in the interstellar medium, both in the warm ISM, through absorption lines (Savage & Sembach 1996 , and references therein) and in H  regions through emission lines (Garnett 1989; Torres-Peimbert et al. 1989 ). This makes sulphur an element which is readily measured in external galaxies in which one of its gaseous phases is measurable, i.e. Damped Ly α galaxies (DLAs, Centurión et al. 2000) and Blue Compact Galaxies (BCGs,Garnett 1989; Izotov & Thuan 1999) . With respect to other easily accessible α elements, such as Si or Mg, sulphur has the advantage that it is not depleted onto dust grains (Savage & Sembach 1996) ; thus its abundance in the gas phase equals the total abundance.
This situation makes it highly desirable to have a direct comparison with sulphur abundances measured in stars, either in the Milky Way or in gas-poor galaxies, such as dwarf spheroidals, for which stellar measurements are the main, or only source of abundances. Although it could be argued that (Venn et al. 2004) . Clearly, accurate observations of several α-chain elements are needed to decide if this is the case or not. For these reasons the additional effort to measure sulphur in stellar spectra is justified. Terzan 7 (Terzan 1968 ) is a Globular Cluster associated with the Sgr (dSph) system. Its low stellar concentration allowed to obtain accurate photometry into the central region; from these data the young age and the metallicity have been estimated (Buonanno et al. 1995) . However it appeared soon that the metallicity determined photometrically (lower than [Fe/H]= -0.74, Buonanno et al. 1995 , both obtained from spectra observed with UVES.
Both Tautvaišiené et al. (2004) and found that the abundance of α-chain elements, notably Ca, Si and Mg, implies α to iron ratios which are lower than the ratios observed in Galactic stars of comparable metallicity. It is thus quite interesting to investigate whether sulphur behaves like the other α-chain elements. We stress that these are the first measurements of S in a Globular Cluster. The usually studied α elements are: O, Si, Ca and Ti.
Data analysis and results
Our sample consists of three giant stars of Terzan 7 observed with UVES at the 8.2 m Kueyen ESO telescope which have already been analyzed by Tautvaišiené et al. (2004) and . UVES has been used with dichroic # 2, for the present work we used only the data of the upper CCD in the red arm. The resolution is R∼ 43000. We determine the sulphur abundance using line profile fitting in the region from 921 nm to 924 nm (see Fig. 1 ), which covers the three lines of the S  multiplet 1, the signal to noise ratio in this region is ∼ 50 for all three stars. We use a χ 2 minimization code as we did for sulphur determination for Galatic stars (see Caffau et al. 2005) . Telluric lines were subtracted making use of the spectrum of a fast rotator, suitably scaled. In all three stars one sulphur line (922.8 nm) was not blended with telluric lines and this allowed to check the success of the telluric subtraction procedure. The 921.2 nm line has very near a telluric line, while the 923.8 nm line was contaminated.
With respect to the Galatic stars which we analyzed (Caffau et al. 2005) , these Terzan 7 stars are cooler and of lower gravity, so that some weak CN molecular lines are present. Of the three sulphur lines only the 923.8 nm is blended with a CN feature, however for all three the presence of these CN lines affects the position of the continuum. Therefore at first we fitted the CN features in the region between 921.2 nm and 922.8 nm, in order to fix the CN abundance, then we fitted S lines. Fits to the 922.8 nm line in the three stars are shown in Fig. 2 . We do not report here the adopted abundances of C and N because we are not sure of the quality of the oscillator strengths we are using. The abundances of C and N in these stars will be the object of future work, making use also of the blue spectra available. For the stars we adopted the atmospheric parameters and metallicities derived by , these are reported in Table 1 together with the derived sulphur abundances, the star numbers refer to the Buonanno et al. (1995) catalogue, the names used by Tautvaišiené et al. (2004) are also provided. The difference in S abundance derived from the three different lines is ≤ 0.06 dex in all cases. The model atmospheres were the same used by , the effective temperatures were derived from the B − V colour and have an uncertainity of the order of 100 K. The model atmosphere for star # 1665 was computed with ATLAS 12 and custom abundances, while for the other two stars ATLAS 9 with solar-scaled Opacity Distribution Functions for ξ = 1 km s −1 was used. The synthetic spectra were computed using the SYNTHE suite (Kurucz 1993) in its Linux version ). The oscillator strengths of the S  lines were taken from Wiese et al. (1969) .
To estimate the errors in the sulphur abundances we resorted to a Monte Carlo simulation. Since all the stars have similar atmospheric parameters and signal to noise ratios, we performed the simulation only for star # 1282, and take these error estimates as representative also for the other stars. A Monte Carlo set is obtained by injecting noise into a synthetic spectrum so that S/N=50, all sets comprised 10000 events. The input synthetic spectrum had T eff = 4203 K, log g=1.30, ξ = 1.60 km s −1 [Fe/H]=-0.54, [S/Fe]=-0.05. The simulated spectrum is fitted as though it were an observed spectrum and the standard deviation from the mean fitted abundance is taken as error estimate. The synthetic spectra used in the fitting have either equal T eff , log g and ξ as the input spectrum, in order to estimate the random error due to the noise in the data, or different parameters (T eff , log g, ξ, [Fe/H]) to estimate the joint effect of systematic errors in the parameters and noise in the data.
From these simulations we derive a random error of 0.04 dex. A change of metallicity of 0.2 dex results in a change of about 0.10 dex in the mean S abundance (+0.10 for an increase of 0.20 in [Fe/H]; -0.06 for a decrease of 0.20 in [Fe/H]). A change in log g of ±0.5 dex results in a change of ±0.18 dex in sulphur abundance. A change in T eff of ±100 K results in a change in sulphur abundance of ∓0.18 dex (note the change in sign).
Discussion
With respect to Galactic stars of comparable metallicity, the three Terzan 7 stars which we analyzed are clearly deficient in S. In Fig. 3 are shown the [S/Fe] ratios versus [Fe/H] for the stars of the compilation of Caffau et al. (2005) , and each of our Terzan 7 stars is identified with a letter. Virtually all Galactic stars, of metallicity comparable to Terzan 7, have higher [S/Fe] ratios. We note a few Galactic stars with low [S/Fe] ratios, which could be accreted by the Galaxy, however their Galactic orbits do not appear to be distinctive (Caffau et al. 2005) . Our main conclusion is that sulphur appears to track the other α elements. Moreover, since for the other α elements, Terzan 7 Fig. 4 . Comparison of the S/O ratio in the stars of Terzan 7 (each star is designated by a letter as in Fig. 3 ) and in H  regions, both Galactic and extragalactic (crosses), the latter data are from Garnett (1989) and Izotov & Thuan (1999) . The solid line represents the solar value: A(S)⊙= 7.21 Lodders (2003) and A(O)⊙=8.72 Asplund et al. (2004, from MARCS 1D models) seems to be undistinguishable from the Sgr field stars of similar metallicity, one may expect the same to hold for sulphur: a prediction which may be verified with observations of Sgr field stars. This conclusion relies on the accuracy of our effective temperatures, if these were systematically higher by100 -150 K the [S/Fe] ratios in Terzan 7 would become similar to those of Galactic stars. The good agreement between our colour temperatures and the excitation temperatures of Tautvaišiené et al. (2004) suggests that such a systematic shift is unlikely. The [S/Fe] ratios found by us seem to strengthen the similarity of Sagittarius with DLA galaxies, which had been already asserted on the basis of other α elements .
Our results may also be directly compared with those of Garnett (1989) and Izotov & Thuan (1999) who concluded that in BCGs the S/O ratio is constant, independent of the metallicity. This has been taken as evidence that in such galaxies the initial mass function (IMF) does not vary with time and that the same massive stars are responsible both for the production of oxygen and sulphur. The oxygen abundances in our stars have been measured by and the S/O ratios are shown in Fig. 4 compared to the values in H  regions, both Galactic and extragalactic, from Garnett (1989) and Izotov & Thuan (1999) . The solar value is shown as a horizontal line. The stars in Terzan 7 occupy a position which is populated by many H  regions, slightly below the solar S/O ratio. From Fig. 4 we note a rather large scatter, which might be due to observational errors, however it is intriguing that most galaxies (and Galactic H  regions) show S/O ratios which are below the solar value. Note that in the previous work on S abundances in H  regions this fact was not apparent because the value A(O)⊙ = 8.93 for the solar oxygen abundance, from Anders & Grevesse (1989) , was adopted. Instead we have adopted the determination of Asplund et al. (2004, using MARCS 1D models) . The quality of the data does not allow to claim that IMF variations actually exist. However new and more accurate observations of S/O ratios, both in stars and H  regions should be able to address this point. The success of our measurement of S in Terzan 7 suggests that the lines of multiplet 1 should be measurable, at least down to [S/H]∼ −1.5, for stars in Globular Clusters and Local Group galaxies.
